Ever-changing needs in the built environment create new incentives for enhancements in the process of building design. Increasing prices of building operations and utilities have a profound impact on the conceptual design and implementation of sustainable architecture. Green building certifications have been initially implemented as a tool for creating more sustainable buildings. However, the real impact of green certification systems on building operations remains unclear. This article focuses mainly on water and energy consumption assessment of LEED certified buildings and to what degree certification systems achieve cost savings in building operations when implemented during the design and construction process. The method of estimating these effects is based on hard costs and soft costs linked not only to the certification cost itself but also on the economic impact of the construction costs designated for achieving the required certification level. Furthermore, the building projects investigated, have been selected according to a specific paradigm in order to include buildings with a different type of operation. Each selected building has been holistically differentiated and assessed according to its performance in the following categories: water usage and energy efficiency. The aim of this paper is to objectively assess buildings that were certified under the LEED certification system and to determine the financial effectiveness of the invested resources in the construction process in relation to the operational and environmental benefits. Moreover, the research is focused on determining the operational costs at a point in time. Because of this, a relevant discount factor has been determined and applied for the life cycle assessment of each researched project. The outcome of this paper is an objective assessment of six LEED certified buildings based on water and energy consumption compared to a reference buildings.
Introduction
The building industry is continuously facing economical, technological and social challenges. The recent financial crisis caused changes in overall perception of building projects' design and construction. Almost every stakeholder within the construction process is seeking to make savings and reduce costs. Building contractors are being forced to reduce their bidding cost in order to maintain their competiveness, whereas project owners are experiencing difficulties in renting their assets to tenants who are looking for buildings with low operational costs and rent.
However, the financial crisis is not just the only reason for inevitable changes in the traditional conception of property development. Other strong incentives for enhancing the process of building construction are linked with the operational costs such as utilities, cleaning, security and rent. The scarcity of natural resources is placing pressure on the cost of both utilities and construction. Furthermore, it can be predicted that there will not be any decrease to the cost of utilities in the near future (Yudelson, 2008) . Buildings must become more energy independent and resilient in the surrounding environment which is very sensitive to political, environmental or economical impulses. Building users are often more interested in the overall performance of the building and increasingly are asking questions such as; "How much do I have to pay for utilities? How effective will my employees be while working inside? How long will the building retain its value?" (EC Harris, 2013) .
There is strong pressure on the implementation of sustainable development or the development of green buildings within the built environment. However, there is no official definition of what constitutes a "green building". EPA (U.S. Environmental Protection Agency, 2014) defines green building as: "a practice of creating structures and using processes that are environmentally responsible and resource-efficient throughout a building's life-cycle from siting to design, construction, operation, maintenance, renovation and deconstruction. This practice expands and complements the classical building design concerns of economy, utility, durability, and comfort. Green building is also known as a sustainable or high performance building". The term "green building" places emphasis on creating sustainable buildings and does not give a concrete construction description.
In order to more clearly measure and emphasize building performance in terms of sustainability and green building techniques it is necessary to investigate not only materials and energy performance, but also location, indoor environment quality, management process or innovation enhanced by the development process (Gevorkian, 2007) .
Complex assessment tools and certification systems are focusing on measuring buildings from different points of view in order to provide information about a buildings' performance in terms of their location, energy efficiency, usage of potable water, used materials and the quality of the indoor environment. A third party who is delegated for supervising the assessment process verifies the final measurements.
Certification Systems
Certification systems have become more popular for complex building assessment and promoting aspects of sustainability and green building all over the word. This article focuses on assessing six real buildings using the same certification system, in this case, LEED (Leadership in Energy and Environmental Design). Nevertheless, it is vital to also mention other main players within the green certification business. Those are:
• BREEAM (Building Research Establishment Environmental Assessment Method). Founded in the United Kingdoms. Used mostly in Europe.
• DGNB (Deutsche Gesellschaft für Nachhaltiges Bauen). Founded in Deutschland.
• LEED was founded in the United States and it has spread over the whole world.
Operational Expenditures of Certified Buildings
Certification systems claim that certified buildings are achieving lower operational expenditures and therefore are more attractive for tenants (Halliday, 2008) . However, there is a significant difference between the various certification systems (some specifically relate to environment rather than energy efficiency) and there is even a substantial difference in certification levels of the same certification system. In order to investigate the impact of green certification on the building's operational performance there have been six LEED certified buildings chosen and assessed, each built in the Czech Republic. The following buildings have been chosen because of the same certification level (all building have achieved LEED Gold) and because of their structural, construction and type of usage variety.
Assessing Criteria
The investigated projects have been assessed according to five main categories, which also serve as the main chapters of the LEED for New Construction and Core and Shell certification system (U.S. Environmental Protection Agency, 2014). Those categories are:
However, because this research is focusing on the impact of the certification systems on operational costs, only a few key categories have major impact on the wallet of the building users. It is interesting to apply the Pareto principle (also known as the 80-20 rule) to the assessment criteria and confirm that only one criterion has the major effect on operational costs. It is not surprising that the one (20 % of all criteria) mentioned criterion is the Energy consumption (approximately 80 % portion from the operational costs). Nevertheless, because of increasing cost and scarcity of potable water, the research also focusses in detail on the usage of potable water as well. Table 1 defines the projects investigated, all of which are located in the Czech Republic, Central Europe. Each project has used the LEED certification system. 
Projects

Location
The site conditions and surrounding services of a project can have a profound impact upon the comfort of the building users, but they do not directly influence the operational expenditure. Furthermore, the certification systems influence the interaction of the project with the surrounding ecosystem and stress the need of reducing heat islands and implementing greenery within the project scope.
Water
The usage of potable water is very often overlooked, since the cost of potable water has always been minor when compared to the other expenditures and investing into the hard, water-saving cost measures is not cost effective. However, the cost of potable water in the Czech Republic has risen significantly since 1999, which is presented in figure 1 . The chosen projects have been classified according to the water fixtures and fittings used and whether a rainwater collecting system is present in the building or not and how the retained rainwater is used. Subsequently, water usage for each building has been estimated based on number of building users, type of operation and type of lavatories, toilets, urinals (if present), kitchen sinks and showers used. The results are depicted in table 2.
In order to identify reduction of potable water, the designed water appliances are compared to a baseline building. Baseline building for each building presents a reference building with the same type of operation, amount of building users and number of water fixtures and fittings, however the type of fittings is based on standard water flow rates and flushing volumes defined by the LEED standards.
The designed water appliances installed in all investigated buildings are water saving fixtures, which are defined as low flow fixtures with the following flow and flushing volumes: The inputs from table 2 have been processed and the total water costs and savings have been estimated. Inflation was included and determined as 3.3%. According to the results presented in figure 2 , the certified buildings achieve significant savings due to implementation of low flow fixtures and fittings and due to the reuse of rainwater for flushing or irrigation of greenery. However, it is necessary to include the additional hard costs for procuring and installing the system and compare the water savings with the extra costs. The estimation proves that each building has achieved higher water savings after 25 years than the additional hard costs and therefore the certification system has positive impact of the building user cash flow. Furthermore, it is also essential to mention the contribution to reducing burden on public sewage systems and subsequent waste water treatment which is funded by a public sector.
Energy
It has been previously said that energy costs constitute a key and major portion of generated operational expenditures. This is mainly due to high-energy loads for heating, cooling and air conditioning (HVAC). LEED determines decrease in energy consumption as a mandatory requirement. To be more specific, it is necessary to prove, through building energy modeling, that the proposed case (building design including all HVAC and electrical equipment) demonstrates a 10% improvement in the building performance rating for new buildings (Green building design and construction, 2009).
As per the mandatory requirement, an energy simulation has been completed for each building. The annual results are depicted in table 3. Table 3 . Total Building Energy Cost Performance (Arcadis CZ, 2014) .
Particular annual electricity and natural gas costs are more clearly shown in figure 3 and figure 4 . 
Materials
Certification systems enhance the usage of local and sustainable materials. Furthermore, there is strong pressure favored towards recycling and reusing materials. LEED even compulsorily requires the project team to design and prepare recycling spaces in the building, which will contain recycling storage containers appropriate to building operation. Nevertheless, recycling and reuse has a very low impact on the building operation in regards to degree of other operational expenditures.
Indoor Environmental Quality
Proactive building designers and owners have realized that creating a healthy indoor environment contributes to the overall working effectiveness of the building users, and since the workforce presents the most significant expense for most companies, the provision of an effective indoor environment must not be underestimated.
A healthy indoor environment is sustained by providing high quality fresh outdoor air, maintaining thermal comfort, using no added VOCs (Volatile Organic Compounds), measuring and verifying performance of all installed HVAC systems and providing building occupants with thermal and lighting user controls. Building operation is tightly linked with the indoor environmental quality, but is shown in the form of capital expenditures for required equipment rather than in operational expenditures itself.
Conclusion
Despite the advantages and disadvantages of the various green certification systems, it is crucial to realize that the complex building assessment is only a tool, and must be managed by experienced professionals with the experience and knowhow to implement it. Even a certified building, and thus labeled as a green building, is not required to achieve significant operational expenditures savings.
One of the most challenging obstacles during the green building certification is the lack of knowledge of building practitioners, coincidence or unexpected events that increase the risk of not achieving operational savings and reducing financial effectiveness of a particular building asset. Given that the green certification must deal with prediction of future cash flows and the life cycle cost analysis (LCC), it is vital to include the Black Swan theory that was hypothesized by Taleb (Taleb, 2007) . The black swan is an unpredictable event that deviates from the common events based on human knowledge and experiences. Such an event has immense effects. Further, the black swan is even more important during implementation of the new certification process and techniques, where stereotypes or complete ignorance of the newly implemented systems can have serious consequences.
Nevertheless, the comparison of the chosen certified buildings has proved that LEED certified buildings achieve energy and water savings because of the LEED mandatory requirements. In order to certify a building by LEED, the building must achieve as a minimum, 10% reduction of energy cost savings and achieve 20% reduction of the potable water usage. Generally, projects aim for a higher certification score and as a result, must achieve more than the mandatory amount of points. Furthermore, building owners, who decided to have their buildings certified, are more willing to invest their resources for the LEED points that generate operational savings. Examples of this include more efficient air handling units, building façade with higher insulating characteristics (U-values) or technologically advanced cooling systems. Unfortunately, there are very few enlightened building owners who have realized this importance of the operational expenditures and most are not willing to risk the immediate financial effectiveness of the project by increasing the capital cost to allow for more efficient equipment etc.
All six LEED certified buildings researched, performed significantly better than the traditionally designed construction projects. Green certification enhances innovation and motivation for more energy and water efficient equipment. It is a driver for implementing at least a basic sustainable solution, in order to achieve the lowest certification level because of the mandatory certification provisions. Nevertheless, it has been said that green certification is just a tool and if not handled properly, will not deliver a real beneficial outcome.
